A multiphase transport (AMPT) model that includes both initial partonic and nal hadron rescattering effects in relativistic heavy ion collisions is brie y reviewed. Particular attention is given to the scattering processes in the hadronic phase in order to address resonances production in these collisions. As an example, phi meson production is discussed in detail through both its dikaon and dilepton decay channels. Results from the AMPT model for heavy ion collisions at both SPS and RHIC are compared to the experimental data to extract information on the production mechanism and in-medium properties of the phi meson.
Introduction
The study of resonances in relativistic heavy ion collisions offers the possibility to investigate their in-medium properties as well as those of the hot and dense matter produced in these collisions. For example, from the study of dileptons from the rho meson decay, it has been found that the rho meson mass remains essentially unchanged in hot dense matter, although its width becomes signi cantly widened [1, 2] . Also, the yield of Λ(1520) relative that of Λ(1115) [3] has been found to be signi cantly less than that predicted by the thermal model [4] , which has been very successful in describing the relative yields of stable hadrons. In this model, the abundance of produced particles is xed at the chemical freeze out temperature that is close to the critical temperature at which the initially produced quarkgluon plasma undergoes a phase transition to the hadronic matter. The measured Λ(1520)/Λ(1115) ratio is, however, similar to that calculated in the UrQMD model [5] , thus indicating the importance of hadronic scattering on resonance production in relativistic heavy ion collisions. Here, I brie y review the the multiphase AMPT model [6] and describe, in particular, the hadronic scattering processes that are included in this model. I then use the phi meson as an example to illustrate the importance of hadronic scattering on its nal yield and transverse momentum spectrum [7] . I also discuss the medium effects on phi meson production. From comparing the results from AMPT on phi mesons with experimental data from heavy ion collisions at SPS and RHIC, I further discuss what one can learn from relativistic heavy ion collisions about the properties of phi mesons in medium.
At present, this model includes only parton-parton elastic scatterings with an in-medium cross section given by the perturbative QCD with the gluon screening mass taking as a parameter for xing its magnitude and angular distribution. After minijet partons stop interacting, they are combined with their parent strings, as in the HIJING model with jet quenching, to fragment into hadrons using the Lund string fragmentation model as implemented in the PYTHIA program [11] . The nal-state hadronic scatterings are further modeled by a relativistic transport (ART) model [12] . In the string melting version of the AMPT model [13] , hadrons that would have been produced from the HIJING model through the fragmentation of strings with attached minijets are converted to their valence quarks and/or antiquarks to take into account the effect due to the larger initial energy density in ultra-relativistic heavy ion collisions than the critical energy density for the hadronic matter to quark-gluon plasma transition. Interactions among these partons are again described by the ZPC parton cascade model. Because inelastic scatterings are not included in the current version of the ZPC model, only quarks and antiquarks from melted strings are present in the partonic matter. The transition from the partonic matter to the hadronic matter in the AMPT with string melting is achieved using a coordinate-space quark coalescence model, i.e., two nearest quark and antiquark are combined into mesons and three nearest quarks or antiquarks are combined into baryons or anti-baryons that are closest to the invariant masses of these parton combinations. The nal-state scatterings of produced hadrons from quark coalescence in this extended AMPT model are again described by the ART model.
The ART model
The ART model is a relativistic transport model for describing the time evolution of the hadronic matter produced in relativistic heavy ion collisions. It includes the following baryons with all possible charge states: N, Δ(1232), N * (1440), N * (1535), Λ, Σ, and mesons: π, ρ, ω, η, K. The one used in AMPT further includes the K * resonance, multistrange baryons Ξ and Ω, and anti-baryons [14] . Both elastic and inelastic collisions among most of these particles are included as best as one can by using the experimental data from hadron-hadron collisions.
For baryon-baryon scatterings, the ART model includes following inelastic channels: [15] using parameterized experimental data [16] . Also included are kaon production channels involving three-body nal states, (πρω)(NΔN * ) → KKN [15] . Because of the difficulty associated with the three-body kinematics, the inverse kaon annihilation reactions of above channels are neglected.
For meson-meson interactions, the ART model includes both elastic and inelastic ππ interactions, with the elastic cross section consisting of ρ meson formation and the remaining part treated as elastic scattering. Kaon production from inelastic scatterings of light mesons is included via the reactions (πη)(πη) ↔ KK and (ρω)(ρω) ↔ KK. Kaon or antikaon elastic scatterings with mesons in the SU(2) multiplets except the pion are included using a constant cross section of 10 mb, while the kaon-pion elastic scattering is modeled through the K * resonance. In addition to its formation from πK scattering and its decay, elastic scatterings of K * with (ρωη) are included using same constant cross section of 10 mb as those for kaons. Inelastic reaction channels of (πη)(ρω) ↔ K * K orK * K and πK ↔ K * (ρω) are also included [17] . Furthermore, inelastic meson-meson collisions such as ππ ↔ ρρ are included as well as the elastic scatterings between π and (ρωη) with cross sections taken to be 20 mb. Inelastic
scatterings of η meson with other mesons are, however, taken to be 5 mb [18] , which is roughly in line with theoretical predictions based on the Hidden Local Symmetry Lagrangian [19] .
The ART model also includes antibaryon resonances such asΔ andN * with their formations, decays, and scatterings analogous to those of baryon resonances. It further includes (NΔN * )(NΔN * ) annihilation and also the inverse reactions of baryon-antibaryon pair production from mesons [20] . The latter is treated by assuming that the nal state of three pions is equivalent to a πρ state; the four-pion nal state is equivalent to ρρ and πω with equal probabilities; the ve-pion state is equivalent to ρω; and the six-pion state is equivalent to ωω. The cross sections for baryon-antibaryon pair production from two mesons are then obtained from detailed balance relations.
For the production of multistrange baryons such as Ξ and Ω, it is included through the strangenessexchange reactions such asK(ΛΣ) ↔ πΞ,KΞ ↔ πΩ. Interactions of these strange baryons as well as their anti-particles with mesons are included but not their annihilations by baryons.
The ART model also includes φ meson formation from and decay to kaon-antikaon pair with the formation cross section given by the standard Breit-Wigner form. Inelastic scatterings of the phi meson include baryon-baryon channels, (NΔN * )(NΔN * ) → φNN, and meson-baryon channels, (πρ)(NΔN * ) ↔ φ(NΔN * ) with the cross sections for the forward-going reactions taken from the oneboson-exchange model [21] . The meson-baryon channels also include K(ΛΣ) ↔ φN with cross section taken from a kaon-exchange model [22] . Phi meson scatterings with mesons such as π, ρ, K and φ, i.e., φ(πρω) ↔ (KK * )(KK * ), and φ(KK * ) ↔ (πρω)(KK * ) are included with cross sections determined from the partial collisional widths given in Ref. [23] . The cross section for the elastic scattering of the phi meson with a nucleon is set to 8 mb while that with a meson is set to 5 mb except that the φK elastic cross section is taken to be 2 mb [7] .
phi meson production in heavy ion collisions
As an example for resonance production in AMPT, we discuss in this Section phi meson production from heavy ion collisions at SPS and RHIC as reported in Ref. [7] based on the default AMPT model. Phi meson is an interesting resonance as it can decay into either dikaon or dilepton as in the case of the rho meson. This makes it possible to study its properties in the produced hot dense matter and to use it also as a probe to the latter's properties.
SPS

rapidity distribution
The rapidity distribution of phi mesons reconstructed from K + K − and μ + μ − channels in central Pb+Pb collision at 158A GeV is shown in Fig. 1 . In absence of any medium effects, the results for phi mesons from the the K + K − channel (thin solid curve) are in good agreement with the NA49 experimental data [24] (solid circles). With free-space decay width of phi meson, the rapidity distribution of all phi mesons from the K + K − , neglecting their scattering, would be identical to that reconstructed from the μ + μ − channel (thin dashed curve). Due to rescattering or absorption of the kaon pairs, ∼ 30% of all φ mesons are lost in the reconstruction, of which about 40% of the decaying kaons have at least one (anti)kaon that suffer elastic scattering. The maximum depletion of phi mesons from the K + K − channel occurs at midrapidity where kaon-antikaon pairs undergo appreciable scattering in the dense hadronic medium. Around the rapidity y = 0, phi meson from dimuon channel is about a factor 1.7 larger than from the kaon-antikaon channel, which is smaller than the factor of 2-4 enhancement observed in the NA50 data [25] .
transverse mass spectrum
In Fig. 2 , we show the transverse mass spectra at midrapidity for phi meson from kaon-antikaon (solid squares) and dimuon (open squares) channel without medium effects. It is seen that at low m T the 00014-p. 3 phi meson from K + K − channel is suppressed due to rescattering. Since the transverse momentum of a particle increases due to increasing number of scattering and due to pressure build-up inside the system, the decayed kaons at the early stages, which are predominantly scattered, thus have low transverse momenta. The transverse mass spectra can be approximately tted by exp(−m T /T ). The inverse slope parameter T reported by NA50 [25] from the μ + μ − channel for 1.7 < m T < 3.2 GeV/c 2 at midrapidity is T = 227±10 MeV, which agrees well with the AMPT model prediction of T = 228 MeV. In contrast, the slope parameter extracted by NA49 [24] from the K + K − channel for 1 < m T < 2.2 GeV/c 2 is T = 305 ± 15 MeV. The depletion of reconstructed φ at low m T in the AMPT model leads only to a slighter higher slope of T = 267 MeV, and thus is much smaller than the NA49 data. The ratio of the yields at midrapidity, R(m T 
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, corrected by their respective branching ratios, is shown in the inset of Fig. 2 . The maximum suppression of ∼ 40% at low m T in the kaon channel as observed in the AMPT model (squares) is smaller than the suppression factor of 60% found in the RQMD calculation [26] . This can be traced back to enhanced phi meson production from large collisional scattering among the mesons leading to a peak in the φ yield at the early stage. The dimuons from these phi mesons escape the reball freely while the K + K − are rescattered in the dense hadronic medium and do not contribute to the reconstruction of phi mesons.
In-medium effect
Studies based on various approaches, such as the relativistic mean-eld theory [27] and the chiral effective Lagrangian [28] , have led to a general consensus that K + feels a rather weak repulsive potential while the K − feels a relatively stronger attractive potential. Including such potentials in the transport model has led to a successful description of the kaon yield and spectrum measured at both SIS energies (1-2A GeV) [29] [30] [31] and the AGS energy (∼ 11A GeV) [32] . Adopting the kaon and antikaon 00014-p.4 energies from chiral effective Lagrangian, i.e., ω K,K = m 2 and is then ∼ +20 MeV at normal nuclear density and is consistent with that determined from the impulsive approximation using the empirical kaon-nucleon scattering length [33] . The K − potential at normal nuclear density is about −110 MeV and is somewhat less than that extracted from the kaonic atoms [34] . The present set of parameters was found to reproduce well the K + and K − kinetic energy spectra and the ratio of their yields for heavy ion collisions at the SIS energy [35] .
For the in-medium phi meson mass, the QCD sum rule studies show that it decreases slightly in hot dense matter [36, 37] . Using the result from Ref. [36] , we have m * φ /m φ ≈ 1 − 0.0255ρ/ρ 0 , where ρ 0 is the normal nuclear matter density. Although the phi meson mass decreases in the medium, the larger reduction of the overall kaon-antikaon mass with increasing density results in an increase of phi meson width Γ * φ→KK in the medium. At density ρ = 2ρ 0 , the phi meson in-medium width is about 45 MeV. This result is in qualitative agreement with that from the QCD sum rule study that takes into account both the phi meson in-medium mass and width [38] .
The rapidity distribution of φ from kaon pairs that have not suffered any collision is shown in Fig. 1 with in-medium masses (thick solid curve), which is only slightly above that without medium effects and thus lie within the error bars of the NA49 data. Since free-space branching ratio is used to determine the phi meson abundance from the kaon channel, it is evident that large in-medium width Γ * φ→KK leads to appreciable production and simultaneous decay of phi meson, resulting in dN/dy ≈ 7.1 at y ≈ 0 for all these kaon pairs including those having been rescattered. In contrast, since the branching ratio for φ → μ + μ − is largely unaltered in the medium, the dN/dy of the reconstructed phi mesons at y ≈ 0 is 4.5 and thus about 1.9 times larger than that from the kaon channel.
00014-p.5
The transverse mass spectra in the kaonic channel with medium effects (solid triangles in Fig. 2 ) reveals nearly identical slope as for the bare masses. On the other hand, the large number of dimuon production at low m T in the early stage of collisions with in-medium masses leads to a slightly steeper mass spectra with a slope parameter of T = 220 MeV. This is clearly seen in the inset of Fig. 2 (triangles) for the ratio R(m T ) where the suppression at low m T is 33%. In the AMPT model, heavy ion collisions at RHIC differ from that at SPS mainly in the increasing effect of minijet gluons. However, the initial heavy ion collision dynamics at RHIC remains dominated by soft string fragmentation processes as at SPS. Fig. 3 (top panel) shows the results from the AMPT model for the rapidity distribution of phi mesons reconstructed from K + K − and μ + μ − pairs for central Au+Au collisions at the RHIC energy of √ s = 130A GeV. Of the total phi meson yield of 37 per event, about 24% of these are lost in the kaonic channel by hadronic rescattering and absorption. In spite of enhanced phi meson production in the early stages of the collision as compared to the SPS energy, its abundance at y ≈ 0 is only about a factor of 1.5 large in the dimuon channel. This may be attributed to fewer kaons lost by rescattering at RHIC as they can escape rapidly out of the collision zone unperturbed due to of their large energies. It is seen that phi meson multiplicities reconstructed from K + K − pairs at midrapidity in the AMPT model is consistent with the STAR data [40] . The transverse mass spectra of φ meson from the two channels are shown in the bottom panel of Fig. 3 , and compared with the STAR data [40] for the K + K − channel. Compared to a slope parameter of T = 379 ± 50 MeV in the data, the AMPT model predicts a smaller value of T = 335 MeV in the kaonic channel in the range 0 < m T − m φ < 1 GeV. The slope parameter for phi mesons determined from the μ + μ − channel is T = 297 MeV resulting in a suppression factor at low m T of R(m T ) = 58%.
RHIC
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At both SPS and RHIC energy, the slope parameter of phi mesons from K + K − decay is, however, smaller compared to the experimental data, and this is likely due to the fact that the initial strings are basically noninteracting in the default AMPT model used in this study. Using the string melting version of the AMPT model, which would lead to strong partonic scattering, is expected to give a better description of the phi meson transverse momentum spectra.
Summary
We have brie y reviewed the AMPT model but have given a relatively detailed description of the scattering processes in the hadronic phase. Using the phi meson as an example, we have discussed via the default AMPT model, which only has minijets during the initial partonic stage, how its yield depends on whether it is measured through its dikaon or dimuon decay channels. Considering all possible collisions of φ with the hadronic medium, we have found that the phi meson yield from dimuon channel is about a factor of 1.7 and 1.5 higher than the kaon-antikaon channel for central Pb+Pb collisions at E lab = 158A GeV at SPS and Au+Au collisions at √ s NN = 130 GeV, respectively.
The larger phi meson yield in the dilepton than in the dikaon channel is because kaons originating from phi meson decay in the dense hadronic medium are predominantly scattered and absorbed and thus do not contribute to the phi meson yield, whereas all the μ + μ − pair freely escape. Also, we have demonstrated that medium modi cations of the phi meson properties as well as those of kaons from its decay have signi cant effects on the phi meson yield and transverse momentum spectrum from the dilepton channel. Furthermore, we have compared results from the AMPT model with experimental data from heavy ion collisions at both SPS and RHIC. For central Pb+Pb collisions at 158A GeV at SPS, our results agree with the φ → K + K − measurements by NA49 [24] but is about a factor of two smaller than the φ → μ + μ − measurements by NA50 [25] . For heavy ion collisions at RHIC energy of √ s = 130A GeV, the AMPT model gives the yield and slope parameter of phi mesons from the K + K − channel that are in reasonable agreement with the STAR data. More recent CERES data from Pb+Au collisions [41] and NA 60 data from In-In collisions [42] at SPS as well as STAR data from Au+Au collisions at RHIC [43, 44] indicate, however, similar yields of phi mesons from both the dikaon and dilepton channels. The difference between our results based on the AMPT model and these recent experimental observations could be due to the long hadronic phase in the default version of AMPT, which does not include the expected initial partonic phase except that of the minijets, used in this study. With the string melting version of the AMPT model, which includes an initial partonic stage consists of valence quarks and/or antiquarks from hadrons that would have been produced during initial collisions, the hadronic phase is shorter and also has a lower density than in the default version of AMPT. This would reduce dilepton emission from phi mesons and rescattering of kaons and antikaons from phi meson decay in the medium, thus reducing the difference between the yield and spectrum of phi mesons determined from the dilepon and dikaon channels.
We have not addressed the question of phi meson invariant mass spectrum from the dilepton and dikaon channels. Although the phi meson dikaon invariant mass spectrum is expected to be similar to that in vacuum as it essentially re ects only those kaons and antikaons which have not been rescattered in the medium, this is not the case for the dilepton invariant mass sepctrum. According to Ref. [45] , including medium effects would lead to a broadening of dilepton invariance spectrum near phi meson peak due to the increase in its decay width as well as a shoulder structure below the bare phi meson mass as a result of the dropping phi meson in-medium mass. Also, it was shown in Ref. [46] , the shoulder structure could turn into a lower mass peak in the dilepton invariant mass spectrum if there is a rst-order or long crossover phase transition from the QGP to the hadronic matter in relativistic heavy ion collisions. The experimental measurement of the dilepton invariant mass spectrum near the phi meson mass from heavy-ion collisions is thus a useful tool for studying the phi meson properties in dense matter and the properties of the QCD phase transition. More generally, studying resonances production in relativistic heavy ion collisions provides the possibility to probe the properties of produced hot dense matter and its constituents, particularly the strongly interacting resonances.
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